SPECIFICATION 
TITLE 

"DEVICE FOR EXCHANGE OF GAS VOLUME" 
BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a device for exchange of gas volumes, 
suitable for use in an anesthetic system. 
Description of the Prior Art 

In many anesthetic systems a portion of breathing gas circulates so that it is 
returned to a patient. This may range from the entire breathing gas to a component 
in the breathing gas (anesthetic agent). The gas that is exhaled contains carbon 
dioxide. This is diluted in certain systems and it is filtered out in others. 

Both of the variants result in certain disadvantages. In the former case there is 
often a large waste of fresh gas (including costly gases) and in the other case a flow 
resistance is introduced in the system. 

In one type of anesthetic system a unit for adsorption and desorption of 
gaseous anesthetic is used. This results in anesthetic gas being selectively returned 
to the patient whilst other components in the breathing gas are replaced with every 
breath. 

However, the unit unavoidably occupies a certain physical volume, which has 
the consequence that a certain amount of carbon dioxide may be stored in the unit 
and re-supplied to the patient with the consecutive breath. The amount of carbon 
dioxide does not constitute a risk to the patient but may disturb the acquisition of 
carbon dioxide level measurement curves (capnogram). 



This amount may be easily trapped using a small absorber unit for carbon 
dioxide but, as mentioned above, the flow resistance may increase with every unit in 
the system. 

A desire therefore exists to find a solution that minimizes the level of carbon 
dioxide without the need to use a resistance-increasing component. 

SUMMARY OF THE INVENTION 

An object of the present invention is to at least partially solve the above 
problem. 

The above object is achieved in accordance for the invention in a device 
where exchanging gas volumes in an anesthetic system, the device having an inlet, 
an outlet, a first chamber disposed between the inlet and the outlet, a second 
chamber also disposed between the inlet and the outlet, a switching valve for 
selectively placing either the first chamber or the second chamber in fluid 
communication with the inlet and the outlet to form a flow path between the inlet and 
the outlet, and a controller for controlling the switching valve. 

The above object also is achieved in accordance with the invention in a tubing 
system having a device as described immediately above, as well as in an anesthetic 
system having a tubing system with such a device. 

By means of a gas volume exchanger the carbon dioxide-free breathing gas 
from the dead volume in the anesthetic system/patient can be stored at the 
beginning of expiration (exhalation) and re-supplied to the expiration flow during a 
later part of the expiration, i.e., a gas volume from the beginning of the expiration 
changes places with that of a later part of the expiration. The carbon dioxide-free gas 
volume that is thus attained comes to fill, for example, the unit for adsorption and 
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desorption of gaseous anesthetic so that no carbon dioxide is re-supplied to the 
patient with the consecutive inspiration (inhalation). 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 schennatically illustrates an anesthetic system including a tubing 
systenn with a device according to the invention. 

FIG. 2 shows an alternative embodiment of the device. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

An anesthetic system 2 according to the invention is shown schematically in 
FIG. 1. The anesthetic system 2 includes an anesthetic apparatus 4 and a tubing 
system 6. The depicted configuration is only one of many known possible 
configurations that can be employed. 

The tubing system 6 has inter alia, an inspiration branch 8 that, in a known 
manner, leads breathing gas to a (not shown) patient, and an expiration branch 10 
for leading (in a known manner) gas away from the patient during exhalation. 

A unit 12 for adsorption and desorption of gaseous anesthetic is arranged in 
the tubing system 6 for adsorbing anesthetic from exhaled gas that comes from the 
expiration branch 10 and desorbing this into breathing gas that is led to the 
inspiration branch 8 during the consecutive inhalation. 

In order to inhibit carbon dioxide in exhaled gas from collecting in the unit 12 
and being re-supplied to the patient a device 14 for the exchange of gas volumes is 
arranged in the expiration branch 10. 

The device 14 has an inlet 16 and an outlet 18 (orientated dependent on the 
flow direction in the expiration branch 10). A first chamber 20 and a second chamber 
22 are arranged between the inlet 16 and the outlet 18. The chambers 20.22 can be 
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exchange-coupled as flow paths in the expiration branch by means of a switching 
valve 24. The switching valve 24 is controlled by a controller 26. 

The device 14 operates as follows: During the initial phase of expiration 
(exhalation) gas from the dead volume enters the tubing system 6 (that is, the 
volume in the common part of the inspiration branch 8 and the expiration branch 10 
facing the patient, which may include a humidifier, heat/moisture exchanger, etc.) 
and the patient flows through the expiration branch 10. The gas has not been 
involved in gas exchange in the patients lungs and is thus essentially free of carbon 
dioxide. 

The switching valve 24 is controlled by the controller 26 so that this carbon 
dioxide free gas flows through the first chamber 20. (Obviously, this requires that the 
dead space volume first must flow to the device 14. The volume between the device 
14 and the dead space contain remnants from the previous expiration and thus 
contains carbon dioxide.) When a volume equivalent to the dead volume has filled 
the first chamber 20 the switching valve 24 is controlled to switch so that the exhaled 
gas flows through the second chamber 22, through the outlet 18 and on to the unit 
12. 

Toward the end of expiration the switching valve 24 is re-set back to the 
previous position by the controller 26 so that gas flows again through the first 
chamber 20. The gas that has been stored there then flows out through the outlet 18, 
towards the unit 12. As the stored gas in the first chamber 20 is free from carbon 
dioxide this then flushes carbon dioxide from the unit 12. At the beginning of 
inspiration carbon dioxide-free breathing gas thus will flow through the inspiration 
branch 8. In other words, the device 14 moves the dead space volume in the expired 
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gas during expiration from the beginning of the gas flow to a later portion of the 
exhaled gas volume or flow. 

The timing of the switching is naturally of importance. The controller 26 may 
be formed to be directly programmed by a user or to receive proper programming 
from other equipment, such as the anesthetic apparatus 4. Such entering of 
programming or transfer of information/programming is well known per se and need 
not be further described herein. 

Some of the relevant information helpful in calculating or determining optimum 
timing of the switching valve 24 includes dead space volume, expiration branch 
volume between the device 14 and the unit 12, expiration branch volume between 
the device and the dead space and tidal volume (expected exhaled volume). The 
timing then can be set so that essentially all of the carbon dioxide free dead space 
gas has reached the common part of the inspiration branch 8 and expiration branch 
10 facing the unit 12 at the end of expiration. A minimum of carbon dioxide then is 
returned at the commencing inspiration. 

When receiving information from the anesthetic apparatus 4, the controller 26 
can base its control on flow values, volume calculations, or synchronize its control 
based on control signals for the anesthetic apparatus 4 itself. 

Other possibilities are feasible. The important issue is that the controller 26 
controls the timing of the switching valve 24 to achieve the gas exchanging effect. 
Needless to say, the controller 26 may be incorporated or fully integrated (by 
hardware or software) into the anesthetic apparatus 4 or other devices used in 
connection with the device 14. 

An alternative embodiment of a device 28 according to the invention is shown 
in FIG. 2. The device 28 has an inlet 30, an outlet 32, a first chamber 34, a second 
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chamber 3, a switching valve 38 and a controller 40. In this example the switching 
valve 38 is arranged at the outlet 32 and not the inlet 30 of the device 28. The 
operation is, however, the same, with an exchange of a gas volume from the 
beginning of expiration to the end of expiration. 

Although modifications and changes may be suggested by those skilled in the 
art, it is the intention of the inventor to embody within the patent warranted hereon all 
changes and modifications as reasonably and properly come within the scope of his 
contribution to the art. 



